Role of oxidative stress in the ammonia-induced mitochondrial permeability transition in cultured astrocytes.
Ammonia is a neurotoxin that has been strongly implicated in the pathogenesis of hepatic encephalopathy (HE) and other neurological disorders, and astrocytes are thought to be the principal target of ammonia toxicity. While the precise mechanisms of ammonia neurotoxicity remain to be more clearly defined, altered bioenergetics and oxidative stress appear to be critical factors in its pathogenesis. It has recently been demonstrated that pathophysiological concentrations of ammonia induce the mitochondrial permeability transition (MPT) in cultured astrocytes, a process associated with mitochondrial dysfunction, and frequently caused by oxidative stress. This study investigated the potential role of oxidative stress in the induction of the MPT by ammonia. Accordingly, the effect of various antioxidants on the induction of the MPT by ammonia in cultured astrocytes was examined. Astrocytes were subjected to NH4Cl (5 mM) treatment for 2 days with or without various antioxidants. The MPT was assessed by quantitative fluorescence imaging for the mitochondrial membrane potential (DeltaPsim), employing the potentiometric dye TMRE; by changes in mitochondrial calcein fluorescence and by 2-deoxyglucose-6-phosphate (2-DG-6-P) changes in mitochondrial permeability. Astrocytes treated with ammonia significantly dissipated the DeltaPsim, which was blocked by the MPT inhibitor, cyclosporin A, caused a decrease in mitochondrial calcein fluorescence and increased 2-DG-6-P permeability into mitochondria. All of these findings are consistent with induction of the MPT. Pretreatment with SOD, catalase, desferroxamine, Vitamin E, PBN and the nitric oxide synthase inhibitor, N(G)-nitro-L-arginine methyl ester (L-NAME), completely blocked the ammonia-induced MPT. These data provide strong evidence that oxidative stress is involved in the induction of the MPT by ammonia, and suggest that oxidative stress and the subsequent induction of the MPT contribute to the pathogenesis of HE and other hyperammonemic disorders.